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Abstract. This paper is focused on the design of a bubbling fluidized bed gMificr (BFBG) for EFB 
briquette gMification. The annual production of palm oil in Malaysia generates large quantities of 
lignoccllulosic bioma.~ which can be converted into clean, sustainable energy for the future. Hence, 
the prospect of valorising palm wMtc using bioma.~ gMificrs presenL~ a viable option for energy 
production. The fluidized bed gMificr (FBG) is considered the most suitable reactor for biomMs 
gMification due excellent mixing, efficient heat temperature control and tolerance for fuels. 
Consequently, the proposed design of the bubbling fluidized bed gMificr for EFB briquette 
gMification will consist of three main parts; feeding zone, ga.~ification zone and the effluent gM zone 
for syngM production. The rcsu!L~ of fccd.~tock physicochcmical properties such M bulk density, 
particle size, the bed hydrodynamic and fluidization parameters for gMification used in the design of 
the gMificr arc presented in this paper. 
Introduction 
The transition from fossil fuels to renewable sources of energy remains a key challenge for many 
emerging economics. In Malaysia the large quantities of lignoccllulosic wMtc resulting from crude 
palm oil production provides a good source of fuel for bioma.~ conversion technologies. 
BiomMS conversion can be carried out either by thermochemical or biochemical method.~. 
GMification hM gained widespread acceptance M an efficient thermochemical biomMS conversion 
method due to its potential environmental benefits, low set up costs and relative simplicity. 
GMification involves converting low value fuels into gMcous products at high temperature.~ 11~ingair, 
steam or oxygen M gMifying medium in specially designed equipment called gMificrs (1, 2). The 
major gMification reactions arc presented in Eq. 1-6. 
Biomass + Heat -+ CO, CO2, H2 0, H2, CH4 , HCs, Tar, Char,Ash (1) 
C + (1/2)02-+ CO (2) 
C + CO2 -+ 2CO (3) 
C + H2 0 -+ CO + H2 (4) 
C + 2H2 -+ CH4 (5) 
CnHm + (n/2)02 -+ nCO + (m/2)H20 (6) 
In practice the exothermic reaction~ between the fuel and air/02 in the gMificr supply the thermal 
energy for gMification. 
There arc three types of gMificrs; fixed or moving bed, fluidized bed and entrained flow [I, 2). The 
fluidized bed gMificr (FBG) is considered the most suitable gMificr for bioma.~ gMification due to 
its tolerance for different types of fuc~ excellent mixing, and temperature control. In addition, the 
operating FBGs require moderate air, oxygen and steam input, rc.~ulting in high cold gM efficiency, 
and carbon conversion (2, 3, 4). Two type.~ of FBG gMificrs cxi~t; bubbling fluidized bed gMificr 
(BFBG) and circulating fluidized bed gMificr (CFBG). 
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Abstract 
Vapour comprc.~sion refrigeration is the most widely ll~ed method in dome.~tic and commercial air 
conditioning and refrigeration systems. R22 (difluoromonochloromethane) is the most widely used 
HCFC (hydro chlorofluorocarbon) refrigerant in residential, commercial, industrial and transport 
cooling systems. Montreal protocol in 1987 banned the use of CFC~ (chlorofluorocarbon) due to their 
adverse impact on the environment causing ozone depletion and global warming. HCFCs arc also 
beingphMed out, though they arc le.~s destructive than CFC~. The pre.sent work explores compre.>tsor 
performance us ing alternate environment friendly working fluid~ so that R22 can be replaced in 
futllre. The refrigerants used for the studie.~ arc R 134a (tetrafluorocthane ), R290 (propane) and R600a 
(isobutane). Compressor performance is analysed by varying refrigerant ma.~ flow rate, evaporator 
and condenser temperatllrCS and studying their effect on compressor size, power and discharge 
temperatllrC. A numerical simulation code ha.~ been developed in MATLAB ll~ing refrigerant 
properties taken from REFPROP. 
Introduction 
Vapour compression is the most widely used system for producing refrigeration. Initially pLLre 
hydrocarbons were used as working fluid~. Later they were replaced by CFC~ and HCFC~. They were 
considered M ideal refrigerants until it wM found that they caused adverse impact on the environment 
causing ozone depletion and global warming. Montreal protocol in 1987 phMed out CFC~ and 
HCFC~ are being phMed out. R22 i~ the most widely used HCFC refrigerant in rc.~idential, 
commercia~ industrial and transport cooling systems. R22 hM to be replaced in futllrC, by a suitable 
refrigerant or refrigerant mixture. 
C Aprca(2003) [I ) in his paper compared R407C and R22 in a vapollr compression plant. The 
inve.~tig;ition hM revealed that R22 performs better than R407C mainly bccall~e of a better 
compre.>t~ion proce.~s due to a number of factors, including the facts that the iscntropic and volumetric 
efficiencie.~ of the semi-hermetic compre.>tsor are better than that of R407C.Y.S.Lec (2002) [2) 
performed an experimental study on the performance of a dome.~tic vapour-compre.>t~ion refrigeration 
system with isobutane (R600a) M the refrigerant. Neil A Robert.~, Owen R Chambers (2004) [3) 
presented the result.~ oflab-Oratory and practical studies of three HFC blend~ ba.scd on R 125, Rl34a 
and R600 or R600a which have been shown to demonstrate superior energy efficiency and in one ca.SC 
23% lower global warming potential than the ab-Ove mentioned HFC alternatives James M. Calm and 
Dr Piotr (2004 )[ 4) talked about the pha.sc out ofR22 and its various alternative.~ available for R22. 
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Abstract. The negative cffccL~ of hydrocarbon fuels arc widely highlighted by incrca.~ing global 
wanning and declining quality of human health. Therefore, it is important to reduce the level of 
cmis.~ions from liquid hydrocarbon combustion. Hydrogen addition to the combustion chamber is one 
of the proven method.~ to improve cmssion~ level. In this rc.=rch, an experiment was conducted on 
diesel fuel spray combustion with hydrogen addition. The effect of additional hydrogen was observed 
on CO, CO2, NO and THC exhaust gas emissions. A small hydrogen fraction (0-3 vol%) was added 
to the rich premixed spray combustion. The resu!L~ show that incrca.~ing the hydrogen fraction 
reduced the emission indexes of CO and THC, and increa.~ed the emission index of CO,. lncrca.~ing 
the hydrogen fraction caused an increa.~ in the cmi~sion index of NO, but the actual physical amount 
was insignificant. lncrea.~ing the atomizing air flow rate reduced the CO and THC cmis.~ion indexes, but 
increa.~ the CO, and NO ctnis.~ion indexc.~. 
Introduction 
Diesel fuel is widely used in land vehicles due to it~ many advantages. One of the merit.~ of a 
dic.~I engine is higher thermal efficiency than gasoline engine.~ [I). Dic.~I fuel i~ used not only in 
engine.~ but also industrial furnaces, in which dic.~I fuel spray continuously burns. However, dic.~I 
fuel has some drawbacks. One of the disadvantage.~ i~ particulate matter (PM) emission via the 
exhaust gas. This drawback can be improved by incorp-0rating hydrogen into diesel fuel combustion 
which can lead to improved fuel consumption and low PM emission level due to no carbon content 
[ 1,2). Another positive effect of hydrogen as a fuel arc no sulfur and a promising solution for 
ultra-lean premixed combustion. Moreover, hydrogen has a large energy per unit mass, which is 2.5 
time.~ as high as that of dic.~I fuel. Therefore, combustion can occur in lower overall equivalence 
ratio, which rc.~ults in lower temperatures in the combustion zone (3]. In recent years, rc.~arehcrs 
have conducted a substantial number of studic.~ on hydrogen-based combustion related to the green 
technology field (3-5). Several researchers have applied hydrogen as a fuel to the engine. The 
acquired result.~ show that a hydrogen fueled engine has a higher heat transfer rate than a methane fuel 
engine. This is because hydrogen fuel has higher heating value, faster flame speed and a smaller 
quenching distance [ 6). Another obvious advantage of hydrogen is it.~ rcncwability since it can be 
generated from water (7). 
Juste (8] studied injection of small quantities hydrogen in a hydrocarbon-fuelled burner. 
Hydrogen was injected in the primary zone, where the fuel is premixed with air. The results showed 
that there was possible positive cffccL~ of additional hydrogen to hydrocarbon combustion. The 
present study supplied hydrogen near to the flame ba.~ without premixing with air. We investigated 
the effect of additional hydrogen to the diesel fuel spray combustion for different atomization 
conditions. 
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Abstract. The article deals with experimental investigation of subsonic air to air ejector with various 
configurations of the mixing chamber and the diffuser. A constant mixing chamber, 2° and 4° 
divergent mixing chambers and 6° diffuser were applied to find differences in the mixing process. 
Characteristic~ of the ejector, static pressure distributions and pressure fluctuations were measured to 
fmd how the different shape of the mixing chamber affect the efficiency of mixing proccssc.~. 
Prc.~surc fluctuation increased rapidly while the ejection ratio wa.~ higher than 1. 25 and the highc.~t 
efficiency of the ejector wa.~ obtained when using configuration "4-4~"-
Introduction 
Ejectors arc used for many purposes, but the process is ba.~ically the same in every ca.SC: a 
high-prc.~surc fluid (the primary stream) transfers part of its energy to a low prcs.~urc fluid (the 
secondary stream) and the resulting mixture is discharged at a prc.«~urc that lie between the driving 
pressure and the suction prc.~surc. By the time that Keenan at al [I ) performed the firs t comprehensive 
study of mixing, two ca.scs of mixing were distinguished: the con~tant pressure mixing and the 
constant area mixing. However, nob-O<ly hM yet established a definite link between the performance 
of constant area and constant pressure ejectors, M stated Sun and Eames (2). Tylor and Williamson 
(3) divided the mixing into two regions. In the initial region of mixing, the shear layer between the 
primary and the secondary stream doc.~ not reach the mixing chamber wall. In the main region of 
mixing, the shear layer spread~ acros.~ the whole mixing chamber cros.~ section. The momentum 
decay is slow in the initial region and static prc.«~urc changes only slightly. We can consider a free 
stream here. But the momentum decay and also static pressure rise are accelerated in the main region. 
Many studies deal with optimization of some separated parameters of ejector or with 
intcn~ification of the mixing process, M they arc in a review carried out by Porter and Squycrs (4). 
Also nowadays many researchers investigate influences of separated design parameters. For example, 
Aphomratana and Eames (5) performed experiments on ejector with a moveable primary nozzle. An 
optimization of a suction chamber wM done by Yadav and Patwardhan in work (6). They designed 
the diameter of the suction chamber, the position of the primary nozzle and the angle of the necking of 
the suction chamber. but no optimization method wa.~ used. Watanawanavct optimized a supersonic 
ejector in his thesis (7). Again, separated parameters were optimized, no optimization method wM 
used and the optimization missed complexity. Cizungu ct al. (8) used a one-dimensional model of 
compressible flow to optimize an ejector for a cooling system. The resulL~ of this work were a 
determination of a suitable area ratio, the length of the mixing chamber and of the diffuser and several 
operation parameters. Dvorak (9) optimized ejector in a complex way u~ing Fluent software. Thus the 
resulting shape of the ejector wM not limited by a choice of initial optimization parameters. As a 
result, a constant pressure mixing chamber for initial region and divergent mixing chamber for main 
region of mixing were obtained. Experimental investigation of constant area mixing made by Dvorak 
at al (I OJ showed that for high ejection ratio a slow nonpcriodical oscillation of the whole flow field 
occurred. It seems that these oscillations appear when the mixing is not finished before the diffu~cr. 
As wa.~ shown by Dvorak and Dancova in (11) the flow can be stabilised by applying additional 
oscillations made by synthetic jct~. The aim of this work is to invc.~tigatc mixing in axi~~ymmctric 
subsonic ejector with various configurations of the mixing chamber and the diffuser. A constant area 
mixing chamber, 2° and 4° divergent mixing chambers and 6° diffuser were applied to fmd 
differences in the mixing process, obtained ejector efficiency and pressure fluctuations. 
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